Abstract-This paper constructs a time series band for ex ante profits from forward speculation and examines the permanent component of the median of the band for six different exchange markets. The unpredictability of ex ante profits is rejected using nonparametric tests. Deviations of ex ante profits from forward premia are attributed to deviations of nominal exchange rates from martingale processes. It is shown that movements in the terms of trade are responsible for most of the variability and serial correlation properties of ex ante profits.
Introduction
T is by now widely recognized that the forward rate is not an unbiased predictor of future spot rates and that realized nominal profits from speculating in the forward market are nonnegligible and highly volatile (see, e.g., Hodrick (1987) , Frankel and Meese (1987) ). However, the nature of these profits is as of yet undetermined. This paper attempts to shed light on this issue by examining the time series properties of ex ante profits from forward speculations in six foreign exchange markets. I focus on three aspects of the problem. First, I provide a measure of the range and the variability of ex ante profits, two issues with contradictory evidence in the literature (see Hodrick (1987) and Frankel (1988) for references). Second, I relate deviations from uncovered interest parity to risk and to deviations of nominal spot rates from martingale processes. Third, I link the time series properties of ex ante profits to the behavior of the real exchange rate.
Since ex ante profits are not observable, the empirical analysis requires the construction of a time series for the expected future spot rate. Frankel and Froot (1987) , Ito (1988) , Cumby (1988) , and Diebold and Nason (1990) have all suggested ways of computing this series.' Here I provide an alternative method for constructing a time series for expected future spot rates and for statistically assessing the properties of ex ante profits. Expected future spot rates are measured as a 90% confidence band obtained from the simulated recursive distribution for the linear predictor of the series. I simulate the distribution of the linear predictor rather than use simple point forecasts in order to reduce the forecast error due to parameter uncertainty. An additional measure for expected future spot rates considered is a point estimate of the permanent component of the median of the band.
I use nonparametric tests to examine the relationship between ex ante profits and other series. Nonparametric tests are employed here for two reasons. First, I am interested in the entire population properties of the data. Existing results are derived by examining only the first and second moments of the data. Second, efficiency tests are generally based on linear parametric functional forms. Pagan and Ullah (1988) have pointed out problems with these tests when the conditional mean of the data is nonlinear. Nonparametric tests overcome these problems.
The results indicate that nominal (and real) rates do not follow martingale processes, that a risk premium rarely explains the behavior of the ex ante profits and that variations in expected terms of trade account for the time series properties of ex ante profits.
The rest of the paper is organized as follows: section II describes the data, the forecasting model and the construction of expected future spot rates. Section III examines the statistical features of ex ante profit. Section IV constructs a point estimate of the permanent component of ex ante profits and tests two efficiency propositions. Section V reinterprets the evidence using a real decomposition of the estimated permanent This procedure accomplishes two goals. First, it gives us an idea of the size of the forecast error variance due to parameter uncertainty. Second, it allows us to correct for small sample biases in measuring the volatility of the series. As compared with numerical estimates obtained with Monte Carlo methods and normally distributed errors, one may expect improved estimates of the band since the empirical density of exchange rates is fat tailed. In general, if a "peso problem" or rational bubbles exist, the procedure provides a better measure of the true distribution of the linear recursive forecasts, which is highly nonnormal at all horizons (see Obstfeld (1987) and Froot and Ito (1989) for this issue).
The Properties of Ex Ante Profits
Equation (1) Table 2 , column 1, reports the values of the KS statistic for this test. The null hypothesis of white noise is rejected in all currencies.5 Therefore, there is information in the transitory component which is useful in predicting short-run movements of ex ante profits.
Next, I use (4) to test two hypotheses concerning the permanent component. First, I test for a strong form of predictability of PC. We say that a market displays strong predictability if the populations from which PC and FP are drawn are identical. Therefore, if a market is strongly predictable, the expected change in the spot rate should have a degenerate distribution. Second, I test for a weak form of predictability of PC. We say that a market displays weak predictability if FP contains all the information needed to forecast PC. Hence, if a market is weakly predictable, the expected change in the spot rate should be a white noise. Table 2, This evidence is therefore consistent with the idea that ex ante profits are predictable using their own past, that FP does not contain all the information necessary to forecast the stable (permanent) component of ex ante profits and that nominal exchange rates deviate from martingale processes.
V. Some Explanations
The biasedness of the forward rate is often taken as evidence of the existence of a risk premium. However, if this were the case, FP, which includes a risk premium, should explain the features of ex ante profits. Frankel (1988) argues that fluctuations in realized profits are too large to be explained by a risk premium and suggests the possibility of irrational market behavior. The results so far obtained support his observation, but not the conclusion that agents act irrationally. This is because the risk premium is not the only source of profits. To see this we can use the log version of covered interest parity expected inflation on currency j. In (7) expected profits depend on the expected changes in the terms of trade (ECTT) and the expected real interest rate differential (ERRD). Most of the empirical literature (a notable exception is Levine (1989) ) has restricted attention to the case where expected purchasing power parity (EPPP) holds (i.e., to the case where nominal exchange rates are martingales), in which case profits from forward speculation should compensate investors only for a nominal risk premium. In general, profits should compensate investors for both predictable movements in the terms of trade and in the real interest rate differential (real risk premium). Next, I argue that there is no theoretical reason to expect EPPP to hold, that the real risk premium is small and show that ECTT is likely to explain both the range and the variability of ex ante profits.
For EPPP to hold, the real exchange rate must be a martingale process and the expected infla-4 The test is nonparametric, compares the populations (instead of moments) and it is almost assumption free since it only requires continuous and invariant population for the processes under consideration.
S Results obtained with the other two methods, when different cycles are included in the two components and when the sample is split in various ways, are available on request from the author. None of the conclusion presented here is, however, altered. tion differential must be serially uncorrelated. Consumption based models of exchange rate determination (see Lucas (1982) ) rarely imply a random walk behavior for the real exchange rate. In these models, ECTT is given by 
where Uj is the marginal utility of consumption good j, j = 1, 2. In equilibrium, these models imply that cj, = f(y1t G,jt, G2jt) where Gij, is the purchase by government i of good j, yjt is the output of good j and f is a linear function. Therefore, d, will be a martingale only if Gijt = 0, V i, j, t, if yjt is a martingale process and if the utility function is linear and separable in the consumption of the two goods. Violation of any of these conditions (i.e., if agents are risk averse or if government purchases are different than zero) will induce a non-martingale behavior in d,. Moreover, the expected inflation rate differential is unlikely to be serially uncorrelated. Differences in the serial correlation properties of domestic and foreign money supplies or outputs may induced serially dependent movements in the expected inflation rate differential. Since (7) provides better information than (4) on the sources of nominal profits, next I address the question of which of the two components is more closely related to observed ex ante nominal profits. Several studies (see, e.g., Campbell and Clarida (1987)) have argued that ERRD is small and approximately constant over time. In this case variations in the terms of trade should account for variations in ex ante profits.
To operationally examine how ex ante profits relate to ECTT, it is necessary to calculate expected inflation. Since price data exist only at a monthly frequency, the calculation of the weekly expected inflation involves several approximations. The results are therefore only indicative of a possible pattern existing in the markets.
The procedure I employ to construct expected inflation rates is the following. The realized monthly inflation rate, computed from CPI indices,6 is attributed to each week of the month starting from the week when CPI data are published (usually the third week of the rnonth).
Then I project these realized values on stock market prices and nominal interest rates 13 periods in the past to generate an expected inflation series for each market.7
The properties of the resulting ERRD series are presented in table 1 for each currency. From the table, it is clear that in each market the mean is small, the variance is negligible when compared with the variance of ex ante profits and the autocovariance function differs from that of ex ante profits.
To statistically show the difference between ERRD and ex ante profits, I next test whether ex ante profits are weakly predictable using ERRD (i.e., whether d, is a martingale) and whether ERRD is a white noise (i.e., whether all properties of PR are due to ECTT). Columns 4-5 of table 2 report the value of the KS statistic for these two propositions. While the martingale hypothesis of the real exchange rate is rejected in all markets, the white noise assumption for ERRD is not rejected at a 1% level in three markets.
This evidence suggests that the serial correlation properties of ECTT are responsible for deviations from Uncovered Interest Parity. ECTT explain the biasedness of the forward rate, the deviations of nominal spot rates from martingale processes and account for most of the movements of ex ante profits. The results also show that ECTT are not matched by opposite movements in ERRD, a conclusion which agrees with Campbell and Clarida (1987) and Huizinga (1987) but contrasts with Meese and Rogoff (1988) .
Three caveats should be mentioned before any conclusions about the functioning of foreign exchange markets are drawn from the results. First, the sample used contains only nine years of data and this may be insufficient to correctly assess the long-run behavior of profits. Second, foreign exchange markets were extremely turbulent for at least six of the nine years of the sample. In a more normal environment, some conclusions could be reversed. Finally, the KolmogorovSmirnov test may have low power (see, e.g., Meyer and Rasche (1989)).
If none of the above caveats applies, the results indicate an alternative explanation for the biasedness of the forward rate. If the terms of trade are mean-reverting, the forward rate must be biased for efficiency to occur.
